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Abstract

PERTUSSIS 1S INCREASING IN FREQUENCY among children too young to
be vaccinated and among adolescents and adults. This increase is
due mainly to waning immunity among vaccinated individuals,
who become susceptible during adolescence and adulthood and
maintain the circulation of Bordetella pertussis. Infants are at
highest risk of severe illness requiring hospital admission, compli-
cations and death. The clinical presentation in adolescents, adults
and vaccinated individuals may be atypical, with paroxysmal
cough of short duration or simply a persistent cough. Culture and
polymerase chain reaction may be used to identify B. pertussis in-
fection, but their sensitivity is high only in the early phase of the
disease. Serologic tests are not standardized for the diagnosis of
pertussis, and their clinical application is limited. Erythromycin is
still considered in some countries to be the “gold standard” for
therapy and prophylaxis; however, azithromycin and clarithro-
mycin seem equally efficacious and are associated with fewer
side effects.
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he increase worldwide in vaccination coverage

against pertussis has substantially reduced the

morbidity and mortality associated with this dis-
ease. However, because of variability in age-specific vaccine
coverage rates and waning immunity, the epidemiologic
pattern of pertussis in developed countries has radically
changed. Managing pertussis in a setting with high rates of
vaccination uptake requires knowledge of the clinical pic-
ture of pertussis according to the vaccination status and age
of the patient, the most sensitive and timely laboratory tests
for diagnosis, and the safest and most efficacious methods
of treatment and prophylaxis. In this article we review re-
cent findings and issues in the diagnosis, treatment and
prophylaxis of pertussis. (An outline of our strategy for the
literature search is available in Appendix 1.)

Epidemiology and pathogenesis

In the 1990s Bordetella pertussis caused an estimated 20 to
40 million cases of pertussis worldwide and 200 000 to
400 000 deaths each year.! Although improved vaccination
coverage has decreased the incidence of pertussis dramati-
cally over the last decade, many developed countries have
recently experienced a resurgence of the disease among in-
fants too young to be vaccinated and among adolescents
and adults.** Outbreaks have been reported even in popula-

tions with high vaccination coverage, primarily because of
waning immunity, which results in a large number of sus-
ceptible adolescents and adults.” Indeed, neither natural
infection nor primary immunization induces permanent
immunity.® Because of its variable presentation among pa-
tients with different degrees of susceptibility, pertussis is
likely largely underdiagnosed among young infants and
among adults unless an outbreak occurs.

B. pertussis is transmitted person to person by close con-
tact with aerosolized droplets. The incubation period may
vary between 6 and 21 days but is typically 6-10 days. Bac-
teria invade and damage the epithelium of the airway and
the alveoli through the combined action of several viru-
lence factors that interfere with normal ciliary movement
(Fig. 1), namely fimbriae, pertactin, pertussis toxin, fila-
mentous hemagglutinin, adenylate cyclase, tracheal cyto-
toxin, dermonecrotic toxin, lipopolysaccharide, tracheal
colonization factor, serum resistance factor and type III se-
cretion.” Symptoms of pertussis may persist long after
clearance of the infecting organism has occurred."

Clinical presentation

After the incubation period, pertussis begins with a ca-
tarrhal phase. This phase lasts 1-2 weeks, during which
patients are most contagious, and it is clinically indistin-
guishable from a mild upper respiratory tract infection. As
the catarrhal stage progresses, the cough increases in fre-
quency and severity. The subsequent paroxysmal phase,
which lasts 3-6 weeks, is characterized by spells of cough-
ing with the characteristic whoop, vomiting, cyanosis and
apnea. The symptoms gradually decrease in severity dur-
ing the convalescent phase, which can last up to several
months (Table 1).

The clinical course may be influenced by various factors,
including age, sex and immunization status of the patient
(Table 2, Table 3). Observations made on the determinants
of the clinical presentation of 788 laboratory-confirmed
cases of pertussis in children during a trial in Italy of acellu-
lar pertussis vaccines found that the clinical course of per-
tussis was independent of age and sex until the age of 3; af-
ter this age, the duration of spasmodic cough was 7 days
longer among girls than among boys and decreased with
age, and the duration of cough increased." Many children
under 6 months of age do not develop paroxysmal cough or
the characteristic inspiratory whoop. Recurrent episodes of
apnea, cyanosis and bradycardia can dominate the clinical
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picture in infants, and a prolonged and complicated course
is often observed.”"* Although adolescents and adults usu-
ally experience the 3 typical stages of pertussis, some may
have only a protracted cough.*”® Smoking or asthma may
increase the duration of paroxysmal cough and the number
of nights with disturbed sleep.” Pertussis is less severe in
vaccinated individuals.""'*'* One study involving vaccinated
people 5-30 years of age showed that the 3 typical stages of
pertussis were absent, the clinical course was characterized
by cough lasting a median of 3 weeks, and only 6% of the
patients with pertussis had the classic whoop."®

Complications

"The most frequent complication observed in children is
pneumonia, which occurs in 6% of cases."” Other complica-
tions include sinusitis, otitis media, viral and bacterial su-
perinfections, nutritional deficiencies resulting from re-
peated vomiting and neurologic complications, which are
due mostly to hypoxia during coughing spells and apnea.*"”
In 1990 it was estimated that 50 000 children worldwide
experienced long-term neurologic complications of pertus-
sis,'" and in the late 1990s it was reported that 0.9 per
100 000 pertussis cases were complicated by encephalopa-

thy.” The risk of complications is higher among infants
and adults than among older children and adolescents. In a
prospective case series in Germany, the rate of complica-
tions among infants less than 6 months of age was 24%, as
compared with 5% among older children.” In the first 2
months of life, pneumonia, seizures and encephalopathy
have been reported in 25%, 3% and 1% of cases, respec-
tively.”® Cardiac arrhythmias and episodes of intractable hy-
poglycemia have also been reported.” After childhood, the
risk of complications increases with age.”*'” Pneumonia has
been observed in 2% of patients less than 30 years of age,
as compared with 5%-9% of older patients. Syncope, uri-
nary incontinence, back pain, rib fracture and hernia have
been also described.*"*

Severe paroxysm, post-tussive cyanosis, whooping, post-
tussive vomiting, apnea, pneumonia and seizures are the most
frequent reasons patients are admitted to hospital, regardless
of age.” Infants, especially those who have not been vacci-
nated or have been incompletely vaccinated, are the most
likely to require hospital care.*”'* Birth before 37 weeks’ ges-
tation and low birth weight have been inconsistently indi-
cated as independent risk factors for hospital admission.”"*

Death from pertussis is inversely related to age, with al-
most 90% of reported deaths occurring in unvaccinated
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Fig. 1: Synergy between pertussis toxin and filamentous hemagglutinin in binding to ciliated respiratory
epithelial cells. Bordetella pertussis attach strongly to the ciliated cells with the combined action of
other adhesins (e.g., fimbriae and pertactin). Pertussis toxin has the ability to enter the bloodstream and
plays an important role in the induction of clinical immunity.
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infants less than 1 year old, who have a case-fatality rate of
0.6% .23+ High levels of leukocytosis and lymphocytosis
may predict a fatal outcome in children admitted to hospi-
tal.?* An association between pertussis and sudden unex-
pected death in infants has been observed.** Therefore,
pertussis should be ruled out in cases of sudden infant
death syndrome.

Diagnosis

A mild increase in the leukocyte count and marked lym-
phocytosis are classic markers of pertussis and have been
shown to be useful indicators of the disease if observed
with typical symptoms or positive microbiological assay
results.”” Traditional laboratory methods for diagnosis in-
clude identification of B. pertussis through culture of na-
sopharyngeal secretions and serologic testing for evidence
of seroconversion of specific antibodies in the convalescent
phase of the disease compared with the acute phase. High
rates of vaccination coverage, the occurrence of cases with
mild symptoms, recurrence of natural exposure and the in-
creased age at which pertussis develops influence the sensi-
tivity and specificity of the laboratory methods (Table 4),
and no single assay is considered to be the “gold standard”
in common practice.

For culture, nasopharyngeal secretions are collected
through swabbing or aspiration. Culture takes several
days to be completed and includes an enrichment step and
the use of selective media in order to prevent growth of
competing organisms of the upper respiratory tract.” Al-
though the positive predictive value is 100%, the sensitiv-
ity of culture is highest in the early stage of infection, be-
fore the natural clearance of bacteria, in severe cases, in
unvaccinated patients and in infants (Table 1).** The
likelihood of a positive result may be negatively affected
by antibiotic treatment.

Diagnosis and management of pertussis

Polymerase chain reaction (PCR) methods enhance the
probability of identification of B. pertussis, since positive re-
sults may be obtained even when the organism is no longer
culturable. In a recent study in France involving 217 adults
with persistent cough, 70 had laboratory-confirmed pertus-
sis (confirmed by culture, PCR or serologic testing); of
these cases, only 1 was confirmed by means of culture, as
compared with 36 by PCR.* PCR assays require the avail-
ability of adequate specimens as well as particular labora-
tory experience, since the risk of false-positive results is
high.* Sensitivity and specificity of PCR depend on the
primers used, and various combined techniques have been
reported to enhance the performance of this method.”"
However, the sensitivity of PCR decreases with the dura-
tion of symptoms, since the method is based on the detec-
tion of the microorganism.

Serologic testing is based on the identification of a sig-
nificant variation in IgG or IgA titres against the most rel-

Table 2: Observed influence of factors on duration of cough
and spasmodic cough in children with pertussis”

Effect on duration

Effect on duration  of spasmodic

Factor of cough cough
Immunized with an acellular

pertussis vaccine ! !
Culture positive pertussis 1 1
Received antibiotic treatment* 1 1
Female sex o o7
Age 1 1t
Background incidence - -

Note: | = decrease, t = increase, - = no effect.

*Antibiotic use thought to be a marker of disease severity.

tFemale sex was associated with a longer duration of spasmodic cough only in children over
33 months of age.

$Age was inversely related to duration of spasmodic cough only in children over 33 months
of age.

Table 1: Typical course of pertussis — evolution of symptoms, relative sensitivity of
diagnostic methods and effect of antibiotic therapy, by phase of pertussis

Catarrhal phase

Paroxismal phase ~ Convalescent phase

Variable (1-2 wk) (3-6 wk) > 6 wk)
Symptom

Cough ++ +++ ++
Paroxysmal cough —/+ +++ —/+
Whooping cough - +++ —/+
Vomiting - 4+ _J+
Cyanosis - +++ -
Apnea - +++ —
Test sensitivity

Culture ++ —/+ _
PCR ++ ++ -
Serology —/+ ++ ++
Effect of antibiotic therapy

Symptoms alleviated ++ I+ _

Note: + present, — absent, —/+ equivocal.
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evant virulence factors of B. pertussis between the acute
and the convalescent phases of the disease. The antigens
most often targeted by such testing are pertussis toxin, fil-
amentous hemagglutinin and pertactin. However, the
ability to show seroconversion may be affected by the pre-
vious immunological priming of the patient (owing to
vaccination or previous infection) and by when serum
samples are collected. If the acute sample is taken after
the specific humoral response has already been elicited,
seroconversion may be difficult to detect. In one study, al-
though a vigorous antibody response to adenylate cyclase
toxin was elicited by natural infection in previously unvac-
cinated patients, the response was very limited in patients
who had been vaccinated.”” Therefore, diagnosis by means
of serologic testing may be difficult in vaccinated or adult
patients.

Identification of a cutoff value for detecting acute infec-
tion from a single serum sample has been attempted by
studying the kinetics of the humoral response.”** Only hu-
moral responses to pertussis toxin have been shown to be
consistent among vaccinated and unvaccinated patients.
Responses to filamentous hemagglutinin have had a lower

specificity than responses to pertussis toxin, possibly be-
cause of cross-reactions with antigens of different origins.
Responses to pertactin have had a lower sensitivity than
those to the other 2 antigens. Wide use of serum IgG anti-
pertussis toxin antibody levels as a diagnostic indicator,
however, is limited. The decay of IgG anti-pertussis toxin
antibody levels is more rapid than that of IgG levels in re-
sponse to filamentous hemagglutinin, pertactin or fim-
briae,”** and the antibody response to pertussis toxin has
been found to vary considerably, both in magnitude and in
duration, between individuals.”® Only a small subset of pa-
tients may have a humoral response of sufficient mag-
nitude and duration for diagnosis.” Nevertheless, a serum
IgG anti-pertussis toxin antibody level above 100-
125 EU/mL has been considered a reasonable threshold
for a positive test result.®* The variability of results, the use-
fulness of this method only late in the clinical course of the
disease and the lack of standardized commercial test kits
make serologic testing difficult to use in common practice
with reproducible results. A combination of various meth-
ods should be used instead, matching culture or PCR re-
sults with serologic test results.®

Table 3: Summary of selected studies that describe and illustrate variability in the clinical presentation of pertussis

Location  Patient age Duration of % of cases with % of cases % of cases
Study of study group Vaccinated cough, wk  spasmodic cough  with vomiting  with apnea
Tozzi et al, 2003" Italy 6 mo—6 yr No 7-9* 83-98 76-86%1 73-84%
Yes 4-6* 65-91 54-71¢t 35-47+
Preziosi et al, 2003 Senegal 6 mo-8 yr No 14* NR 74 NR
Senzilet et al, 2001° Canada 212 yr No 8t NR 45 14

Note: NR = not reported.
*Median.

tChildren aged 6-33 mo only.
+Mean.

Table 4: Sensitivity of diagnostic tests for pertussis in various studies involving adults*

Sensitivity, %

Duration
Study of cough, d Culture PCR Serologic testing (antigens)
Mink et al, 1992* 26 0 NA 100 (IgG/A-PT, IgG/A-FHA)
Rosenthal et al, >6 10 NA 100 (IgG/A-PT, 1IgG/A-FHA)
1995
Gilberg et al, 2002 >6 1 51 57 (1gG-PT)
Schmitt-Grohé et al, >7 8 13 92 (IgG/A-PT, 1gG/A-FHA, 1gG/A-PRN,
1995" IgG/A-FIM2, agglutinins)
Senzilet et al, 2001 >7 2 3 95 (IgG/A-PT, 1IgG/A-FHA, 1gG/A-PRN,
1gG/A-FIM2)
Strebel et al, 2001% >7 30 37 89 (IgG/A-PT)
Wright et al, 1995" >14 0 NA 100 (IgG-PT, IgG-FHA)
Birkebaek et al, > 14 11 32 97 (IgG-PT)
1999*
Wirsing von Konig > 21 1 NA 100 (IgG/A-PT, IgG/A-FHA, IgG/A-PRN)
etal, 1995%

Note: PCR = polymerase chain reaction, NA = not available, IgG/A = 1gG or IgA, PT = pertussis toxin, FHA = filamentous hemagglutinin,

PRN = pertactin, FIM = fimbriae.
*Adapted from reference 8.
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Treatment

Since a timely laboratory confirmation of pertussis diag-
nosis is problematic, administering an antibiotic on the basis
of a clinical diagnosis should be considered. Antibiotics
eradicate B. pertussis from the airway but limit the severity of
disease only if started in the catarrhal phase (Table 1).%
The standard treatment of pertussis has been a full dose of
erythromycin for 14 days.”™ Evidence suggests that a shorter,
7-day course is equally effective.” More recently many na-
tional agencies have tended to encourage the use of other
macrolides for therapy.”” New macrolides exhibit high and
sustained intracellular penetration and therefore may be
particularly effective against organisms such as B. pertussis,
although they are more expensive than erythromycin.®
Azithromycin, 10 mg/kg on the first day followed by a daily
dose of 5 mg/kg (maximum dose 1000 mg on day 1 and 500
mg on days 2 to 5), has been shown to be effective in eradi-
cating B. pertussis in 97% of cases after 2-3 days and in
100% after 14-21 days.” In a study involving 37 patients
aged 2-18 months who were given azithromycin for 3-5
days, 94% had negative cultures for pertussis 7 days after
the initiation of therapy and 100% had negative cultures 14
days after the initiation of therapy.” A comparison of ery-
thromycin with azithromycin in a pediatric population
showed that the drugs were equally effective in eradicating
B. pertussis (100% efficacy) 1 week after the end of treat-
ment.” Clarithromycin has been shown to be efficacious in
treating patients with pertussis as well.*

Resistance to erythromycin seems exceptional, but sensi-
tivity to this and other macrolides is rarely performed dur-
ing laboratory diagnosis.” In case of intolerance to macro-
lides or resistance, use of trimethoprim-sulfamethoxazole
(8 and 40 mg/kg per day, respectively, in divided doses) is
indicated.”

The frequent gastrointestinal side effects observed in pa-
tients treated with erythromycin may reduce compliance.”

Diagnosis and management of pertussis

Moreover, the administration of erythromycin in infants
may be associated with pyloric stenosis in up to 3.5% of
cases.” Gastrointestinal symptoms such as nausea, vomiting
or diarrhea are observed in up to 41% of patients given
erythromycin® and in up to 19% of those given azithro-
mycin.””* Azithromycin has also been associated with a
slight and transient elevation of liver enzyme levels in up to
20% of patients.”

Attention must be paid to potential drug interactions.
Erythromycin can increase serum concentrations of theo-
phylline, carbamazepine, warfarin, cyclosporine and terfen-
adine when administered concurrently. Clarithromycin in-
teracts with theophylline, carbamazepine and terfenadine.
The effect of these drugs administrated concurrently with
azithromycin has not been studied.”

Use of dexbrompheniramine plus pseudoephedrine for
1 week, or ipratropium (0.06%) nasal spray for 1 week, has
been proposed for the treatment of cough. Alternatively,
inhaled ipratropium therapy (four 18-pg puffs 4 times daily
using a metered-dose inhaler with spacer) for 1-3 weeks,
systemic corticosteroid therapy tapered over 2-3 weeks, or
antitussives acting on the cough centre in the brain have
been used.” However, a recent systematic review that ex-
amined the efficacy of antihistamines, diphenhydramine,
corticosteroids and salbutamol concluded that the effective-
ness of these therapies in treating cough in pertussis is un-
certain and that their use is not justified.®®

Treatment of severe cases is mostly supportive. In some
cases intravenous pertussis immune globulin therapy has
been shown to decrease whooping, to improve oxygen sat-
uration and to stop bradicardic episodes.®” Recently,
leukopheresis and exchange transfusion have been pro-
posed to reduce the leukocyte mass in cases with very high
leukocyte counts.” Extracorporeal membrane oxygenation
is widely used in the management of severe pertussis, but it
has had limited success, and pertussis severe enough to re-
quire its use is in itself a predictor of a poor outcome.***

Table 5: Recommendations of the US Centers for Disease Control and Prevention for antibiotic prophylaxis in close contacts of
patients with pertussis, regardless of vaccination status, to prevent health care-associated pneumonia™

Indication Contraindications

Intolerance to
macrolides; age < 2 wk

First-choice therapy

Patients with intolerance to Intolerance to macrolides

erythromycin or infants aged < 2 wk
Patients with intolerance to Intolerance to macrolides
erythromycin or infants aged < 2 wk

Duration of
Drug Dose prophylaxis, d
Erythromycin Children: 40-50 mg/kg daily 14
Aduls: 500 mg 4 times daily if
erythromycin estolate; 333 mg 3
times daily if delayed-release tablets
Azithromycin 10-12 mg/kg daily 5-7
10 mg/kg on day 1; 5 mg/kg daily 5
on days 2-5
Clarithromycin Children: 15-20 mg/kg daily in 10-14
divided doses
Adults: 500 mg twice daily
Trimethoprim- Children: TMP 8 mg/kg and 14

sulfamethoxazole
(TMP-SXT)

SXT 40 mg/kg daily in divided doses
Adults: one double-strength tablet
twice daily

Hypersensitivity or intolerance to
macrolides

Pregnancy at term;
nursing; age < 2 mo
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Prevention of secondary cases

Prevention of secondary cases is of upmost importance
in health care settings and in households with infants. An
accelerated schedule for vaccinating children less than 7
years old who have not completed their primary vaccina-
tions is recommended, and the first dose of vaccine can be
administered as early as 6 weeks of age.” Close contacts
should also receive antibiotic prophylaxis (Table 5). The
US Centers for Disease Control and Prevention (CDC)
still recommends erythromycin as the drug of choice in
these cases except in infants 2 weeks of age or younger.
The treatment should extend over 14 days for the preven-
tion of health care-associated pneumonia.” Patients intol-
erant to erythromycin or infants too young to be given the
drug should be treated with azithromycin or clarithro-
mycin. Those who do not tolerate macrolides should re-
ceive trimethoprim-sulfamethoxazole.” Patients are con-
sidered not to be contagious after 5 days of antimicrobial
treatment, or 21 days after the onset of cough if unable to
take antibiotics.

Despite evidence that antibiotic prophylaxis has been
successful in controlling outbreaks of pertussis, the effec-
tiveness of erythromycin therapy in preventing individual
secondary cases of pertussis has been considered modest.””*
Erythromycin prophylaxis is more efficacious if initiated
within 21 days (preferably 14 days) of onset of paroxysmal
cough in the index case.*”

Conclusion

Long after the discovery of effective antibiotic treatments
and the implementation of universal vaccination strategies,
pertussis remains a disease associated with an important
burden even in developed countries. Since the clinical pre-
sentation of pertussis has changed because of vaccination,
the disease likely is largely underdiagnosed. The develop-
ment of sensitive and standardized diagnostic methods is es-
sential. Treatment and prophylaxis with macrolides other
than erythromycin will likely ensure better compliance.
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Appendix 1: Search strategy

We searched MEDLINE for relevant articles published from 1995 to
2004 using the following strategy:

“whooping cough” [MeSH] + “epidemiology” [MeSH] + “human”
[MeSH]

“whooping cough” [MeSH] + “etiology” [MeSH] + “human”
[MeSH]

“whooping cough” [MeSH] + “signs and symptoms” [MeSH] +
“human” [MeSH]

“whooping cough” [MeSH] + “laboratory techniques and
procedures” [MeSH] + “human” [MeSH]

“whooping cough” [MeSH] + “therapy” [MeSH] + “human”
[MeSH]

We also searched the Cochrane Library database using the term
“whooping cough”

We found a total of 575 articles in the MEDLINE search and 3 in the
Cochrane Library search. Articles without an available abstract were
not considered. After reading the abstracts, we excluded articles that
dealt with pertussis immunization only.

A total of 153 articles were thoroughly reviewed. Relevant references
cited in these articles were retrieved and reviewed, even if they were
published outside of the time frame of the main search.
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